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DEFACE 


The loaterial presented in this paper is based partly on a snr- 
Toy of the literature on noise and partly on experience and infor- 
laation acquired in the laboratory working on a specific noise re- 
d\iction problem* 

The entire field of noise is obviously too broad for adeqvate 
treatment in a paper of this type* Consequently^ emphasis has been 
placed on impulse noise redts}tion systems in communication receiv- 
ers, i.e*, in receivers operating in the frequency range of rough¬ 
ly 1 to 20 mos* 

Laboratory work on a noise blanking system was done in the 
radio interference laboratory of the Lightning and Transients Re¬ 
search Institutef Minneapolis, Minnesota* Development work on 
the blanking system is being carried out under an Office of Naval 
Research contract sponsored by the Bureau of Aeronautics* 

The author was assigned the task of developing and testing a 
new type of discriminator for the noise blanking unit based on an 
original idea by M* Newman of the Lightning and Transients Research 
Institute* As a result of this developsi^nt work, a complete blank¬ 
ing unit employing the new discriminator was constructed* It is 
regretted that insufficient time was available to completely test 
and evaluate this new system* Rreliainary tests, however, indi¬ 
cated that the aoheme has very definite possibilities and warrants 
further investigation. 



Work doia© by the author at the Lightning and Transients Ee- 
searoh Institute -sas paft of the ourrioulum of the Postgraduate 
School of the tfeited States Haval Acadeny* Annapolis, Iferyland* 
The author wishes to es^ress his thanks to ft?6fes8or M. Hewtoan 
&tid other Eseaiajers of the staff of the Lightning and Transients 
fiesearch institute for thoir assistance during his stay In 
Minneapolis. 



UBIE 0? COHTEHTS 


Page 

INDEX £0 ILLDSIB&TIOHS ii 

!• HTHODUCTION .. 1 

XI. soisi RM)tic 7 ioN srsim .. 7 

IIUEUMBIM OF & BI&HEim SYSTEM 17 

17. GONCLDSIOH 36 

V. BIBLIQOB/iPBr .. S7 

APPENDICES 

I. SHOCK EKCmflOH OF A TT3KED CIRCUIT AS A PWTIOH 

OP RATE OF RISE OP APPLIED VOLTAGE 49 

IX. AKALISIS OF TUBED PUISE A12PLIFIER ... 52 

IIl.CATBDDE RAT OSCILLOGRAPH USED IB MAKIKG OSCILLOGRAJffi. 66 












ii 


mm. f 0 BxosmTioHS 

!• Boise System ••••»•••«•«*«•»••••••••••••»••••• 3S 

2* Pulse Bhortenitig aM Slgxial Hesponse «•»»*«••••*••»•••» 4^ 

S# Pulse ShortealBiS Osoillograiae • 41 

4* Blat^Eg Syetem Built late Aircraft type Chaseta 42 

Block Jii&gmM at ModlflGd BlanldUg System *••••»••*•••« 43 

Sehcmatio of Modified Blanking System 44 

fm Sigml SespoBse of Blahklng System 45 

B» Perforsesco of Modified Blaaklns 
Pulse Shortcalng «•**« 

S* t&rtatmma of Modified Slasking Syate*a» 

Bisorisdmtor end Pulse fiej^rator 47 

10* Perfoiflaanoe of Modified SlaaJdns Systess- 

StdtoMi^ Stage «*«-*«• tt*.***# *41 »«*»• «4k« *« 48 








1 


I, IKTRODCCTIOI 

Pgfialtlon of Moise 

Ihe term "noise” is sometimes broadly used to refer to aay 
disturbance in a radio oosmunication system whioh is extreneom to 
the desired signal. This definition m>uld include ell kiz^s of 
spiarious disttnrbanees such as cross talk, images, hum, radar inter¬ 
ference, ateaospherics, ignition noise, themml agitation noise, and 
shot noise. More often the term noise is used to describe only tlK>se 
distwbanoes which are discontinuous; i.e., disturbazmes idiich pro¬ 
duce frequency speotrtzms not cozifiized to a zzarrow band, fhis latter 
definition acotzrately describes the type of disturbazjoes to be studied, 
and will be used as the definition of noise in this repozrt. 

2. Types of Boise 

Koise as defined above is commozzly divided into two types, rardom 
noise azzd impulse noise. Random noise is noise due to a large nuzdzer 
of closely spaced elemental disturbances occurring at razzdom. Exam¬ 
ples of random zzoise are shot noise in vacuum tubes, noise due to 
thezrmal agitation, end corona discharge. 

Impxzlse noise is zzoise due to a single elemental distzzrbanoe or 
to elemental disturbances separated in time by a period long in com¬ 
parison with the length of the disturbances. Examples of impulse 
noise are igziition noise and radar interference. 

The elemental disturbazmes in the above defiziitions can be, for 
the pwpose of analysis, pulses of short duration. The differerme 
between random azsd impulse noise then becoznes a function of the 
spacizig between pulses, ojad for this reason it is diffiouL't to classi- 


£f aH types o£ noise as either rar^oia or iispalss* Consider^ for 
exanplOf tlw etnospherio "statio* due to eleotrleal stonm* If 

i 

the noise is produeed hy a distant thtn^eratorio. It srill he reoeir* 
ed at high fre^uendies Tie the overhead path^ as a steady ^eraok-* 
ling* sMoh can he eonsidered as random soise^* Ihis is prohahly 
due to the large nuniier df random "crashes’* udiioh are being reoelT^ 
ed :^om an entire storm area. If^ hoeererj^ the thooierstorm is of 
local origin* the noise sill consist of isolated hursts of mise 
ai^ can he eonsidered as i3spttl8e );K>ise. 

As eiil he shoen later* the elassifieation of a type of noise 
as raniom or is^nlse may also ohaz^ due to tbs alteration of the 
noise ohsraoteristio as it passes through tl» reoeiTor oireuits. 

S. Charwteristios of Boise 

fo ts^erstand fully the ohazaoteristioe of z»ise* it is im¬ 
portant to know something about the origin of ^ise distnrbanoes. 
the somroe of amst noise is the iimke or hretdc of Toltage or eurrent 
in an eleotrio oireuit. lbs haslo mre form of a svitobiz^ process 
is the elesmntMy step or beaviside funotlon. Ideally* most noise 
oan he considered to he made of oonhimti 02 » of unit step fisffl* 
tionsi i«e«* of a series of slmrt pulses. If the pulsss ooour at 
random end are olosely spaced* the zmlse can he classified as ran- 

hotter, E.E., "High Frequaney Atmospheric Ifoise* 

Rroe« IHE. Oct. 1951 

^Hoise of this type has been found to hare very much tbs same 
oharaoteristios as thexml x^ise. See dfusshy* S.^«* "An Experi* 
mental Investigation of the Characteristics of Certain ?^ypes of 
Hoise," Prop. ISE* itec. 1959 




dost* If the spaoisg hetneeji ptilsee is oozisiderahle^ the iKsise 
is olassified as impulse* flw aetml shape or duratioh of the 
iiadlviduaX pulses may he altered oossiderahly the oireult la 
uhieh they are produoed* Bemarer$ oseillographio stvtdy of a great 
Trarielgr of siolse soureea iadieatea that the noise ehioh causes 
radio iaterfereime is oharaoterised by pulses haring (^ctremely 
steep eare ^onts* 

fhe aotioa of these sluirp pulses on the reoeirer is to shook 
sseite the twmd elroults* the amplitude of the wpr9 traia 
dtmed vlll primarily depend upon the steepmss of the ttare jh*ont 
applied* the freqtwaoy of tl» rare train mill be tl» resomzit fim» 
^tmney of the tuned oireuit* and the duration of the deoeyix^ smre 
train mill be a funotioa of the deoremcHot of the tuned eirouit* 
ik.pj^ndix X is a mathematioal amlysis of the shook exoitation re* 
suiting idien a linearly risii^ voltage is applied to a parallel 
tuned oirouit* the generalised oirouit used might be the equivalent 
oiroult of a pentode radio frequeney as^lifier* %e results of this 
aimlysis shrm tlAt ths amplitude of the envelope of the i^ve train 
is proportional to ths slops of the applied voltage in volts per 
second, and the dwation of th® mave train is proportional to ths ^ 
of the oirouit* Since the bwjdmidth is inversely j^oportional to 
the of the eirouit, the duration of the mave train also mill be 


^An eacosllent osoillographic record of noise due to smitohing and 
rotating eleotrioal machinery is oontalned in ’^Sadio Inter* 
ferenoe fraraients Investigation * X and 11" by lightning and 
fransients ^searoh laboratory* 



isvsraely proportioml to the has^vidth* 

tn mn eottml reoeiv^r, the large nvaSoer ot tmied oiroults 
eox^lieates the rest^Lte izidioated aboire* fhe traasieBt reapoase 
of a aiagle tuned oirouit^ az^ a aeriea of tamd oirouita in oae* 
oade®*®*^ to a miit step faa^tioa or Impulse hm appeared i^e«i«eat»^ 
ly in ^Sm literatta*#* results of these theoretleal amlyses 
are verified the ex^riraeats of laadozt^ and dajwhy® and seem to 
indicate t!»t the folloni]^ ooaoltaioa oaa he ssdes A single im» 
ptdse applied to pirn input of a radio reeeiving deviee mill prodtase. 
in the output of the reoeiver a disturhaiuse mhose aiplitude is di* 
rectly proportional to the haiuhvidth, hut tdu>se duration is inverse¬ 
ly proportional to tl^ handeidth of the recei-rer* ^ indicated 
previoualy, the deviation of the slope of the applied disturhanoe 
from the ideal perpendicular impulse mill redsffi# the az^litude of 
the disturhanoe* S^tever^ the slope of the applied pulse ssmt he 
reduced eomiderahly before sluzol: esusitation effects heooms aeg- 
ligihle* ^ eut esaaple^ experiments^^ made on a i^ioal oommuai- 
cation reoeiver Imve shoes that the slope of the applied pulse had 
to he redtxsed to 0«O17S volts per mioroseooad in order to reduce 

^ansly* loo# oit* 

^leadon# V#B* "A stwSy of the Charaoteristios of Kjise* 

Prop, Bov# 193S 

SKallman# H#E#, S^wnoer# H.B., Singer, ®#P#, "Sraasient Sesponse” 
Prop. l.S«E. . Harch# 194S 

^Saheroff, ^m, “l^ulse Ibusitatlon of a Cascade of Series Tuned 
Circuits* Proe# l.R«E »> Dee# 1914 
^landon, loo# oit# 

SjansSy, loo# oit# 

^^lighbning aM Traxusients Eesearch lahoratoiy, *Badio Interferetuse 
Transients Investigation • I", Appendix III 




tlte onbputi disturbame b«loir baekgromd Ijo-rel oS tha r«eelv«r« 
fha eb 0 v« Qo»9ideratloas hold only tor z^lse pulse* speoed far 
enough a]^t in time so that ths ’mn train produced 'l^ one has de^ 
oaysd before the next pulse arriTos* If the interral between pulses 
Is reduoed so that tbs iwrae traira orerlapj^ the situation changes^ 
fhis oooura in the ease of random noise, inhere the indiridiml 
noise pulses are so close together that the res^^ting mwnre trains 
orerlap* ^Inoe the ptdses ooour at ratios, the mare trains will add 
up at random phase# ani the envelope of the resistant will fluctu¬ 
ate in amplitxsie in random fashion. SixKs® the duration of the ware 
tram produced by eaoh pulse is inversely proportional to the band¬ 
width# it woxjld seem possible to redtnie the diaration of the iidiTldual 
wave trains until no tnrerl^p ooourrod Tiy increasing the bandwidth* 
^^oretioally speaking, if the bandwidth was made infinite# random 
noise could then be treated as impulse noise* Practically# however# 
infinite bazdwidth ai^llfiers are not available at present# and even 
if they were# they would not be used in ooBEumication receivers dtioh 
require some degree of selectivity* 

Ihe overlapping wave trains produced by random mise alters 
the es^litude characteristic of the output disturbances* Imndon^ 
and danshy^® have slsnm experimentally that for random i»lse the 
peek ai^lltude of the disttnrbanoe in the output is proportional to 
the squaxe root of the bandwidth instead of to the first power of 

Abandon# loo* oit* 

^%ansky# loo♦ oit* 





the bexid^dth ea is the case for ixE^olse z»>iS 0 * 

It should be a^tesiaed that laai^ types of noise are oombi- 
mtions of ra»d(s&andi ii^ulee noise and, therefore* cannot be olassi* 
fied as either om or the other type* h»« also shoim that 

soEia types of noise pcoduee effects airdler to impulse rroise for ;■ 
certain bandeidtha, bnt appear to have siore of th® olmraoteristtos 
of raadoa noise as tl» banatd,dth* is Jarrosed and tl» indivldixal--esTe 
trains start to 07erlap» 

loo» oit* 



XX< IK>ISS BBDTJCf lOH StSZEMS 


Solso Bedraetlon Sg^tesa la Semral 

1 ?h 0 &oi89 lewl In a ooiammicatioss reeeiyer ia of ten th« 
Uniting factor in detearaining the perfomanoe Qf a oorammioation 
8yst«&« this reasonn a great deal of tiioe and energy Ims been ■ 
expended in dereloping systens to elisdimte or redinse the delete* 
rious effeots of noise# Om logical approach to the problem Is te 
ell^mte the noise at its source# It Is entirely possible to elia- 
imte noise prod\;^ed by electrical equipsient by proper shieldiz^ 
and filtering# ^he job of elimlmting all mise of this type is of 
suoh magsdltude# that it is doubtftil if it eill be acooa?>lished in 
the near futtare* It is also is^obabls that the zu>ise sonroes vdiioh 
cause mtnral static still be elifidnated for sons time to coaas# 

Another approMh to the problem is to ttse speoial modtdation 
systenai srhioh dlsorlmlmte against noise# Ifeaa^jles of this are fre» 
qnezusy modulation sM certain types of pulse modulation# ‘^s^lituds 
modulation using oosqaression or clipping systeusB to imrease the 
average modulation level might also be considered in this classifi¬ 
cation# ■■ *=^ ^ 

For the cbmunioation froqueimies with vfeioh this report is 
ooxmerned# wide band frequency modulation and pulse laodnlation are, 
at present, impractical because of tte spectrum requirements of these 
systems# Harrow band frequerwy modulation, Imwever# appears to have 
possibilities# bsihg a deviation ratio (ratio of freqtMn<^ deviation 
to msadmum modulation frequency) of nniiy# it is possible to get 



aigaifioant iitprorrea^xidba la -seak aigaaX jreadakllitif vwev aa ax^li* 
tada siodtilatioa system oooupyiag approximately the same f!reqi»»ac^ 
spectrum. Tl» reasoas for this are aot appareat vitl^ut eozsidero 
lag some of the aoise ohareoterlstios of fre^usacy modulated s^team. 

Croshyl^ has shotro that the ia^roreaaat orer aii^^lltude aodw 
latioa ia sigml to aoise ratio for raadom aoise is eqtml to the 
square root of three times the deriation ratio mhsa the earrier to 
aoise ratio is high* ^dr is^ulse aoise the ii^rorsaseat is equal to 
tidoe the derlatioa ratio* Somerer^ idiea oarrier drops to about 
S or 4 db» above the 2 »isei» the is^roreismiBt for both -^rpes aoise be* 
gias to fan off and is equal to sero rtoea the peak earrier is eqtsil 
to the peak aoise* Shis is called the "improveneat threshold*** 

For aarrowbaad systems, the "imprortreneat threshold* ooours 
at lotsror earrier levels tlrnn for side baad systems* Shis is because 
the aarromsr pass baad of the aarrow bard ^stem aeoepts less aoise 
than the sdde baad eyst^a* ^xtoe, it is possible to get ia^rorsmat 
ia signal to i»>ise ratios at loser oarrier levels mith narrow baad 
freqmacy modttlation* %perimeabs coaduoted by Crosby^ have slsnna 
that aarrow baM frequei»y anodulation gives an ijaprcrvemeat in read* 
abili-^ over 'amplitude imidulatioa for all valtes of earrier level* 
For eomsamication systems ia which iatelligibili% is of prJmazy 
is^rtame, zmurrow band i^equei»y modulation seems to hare definite 
possibilities ehioh should be isvestigated more fully* 

Crosby, M.G*, “Frequency Modulatioa Hoiae Characteristics*, 

Fkoo* I.R.E* . April 1957 

15 Crosby, M.d., *^andeldth and Readability in Frequeaey Modu¬ 
lation”, RCA Review, Jan. 1941 



Sij:K>e mst of the eoxsEomioations eastern in o|Hsrfttion toda;^ 
nse an^IitiLBie aodulntlon, end the prospeots of these i^stesis heiJag 
replaced otrernighb sooe other eastern is slightj, a stm^ of noise 
reduction siethods in receivers desigr^ for ax^liti»le modulation 
appears te he wrtladiile* 

ftrohahly the laost effective i^tlwd of reducixag the efCeots of 
randos £K>ise is to redtase ti® hai^eidth of the receiver to the iaini- 
Ji»m required for transaission of the intelligence* SirKse the aapli- 
tude of the mise output is proportioml to the bandeidth^ redtacii^ 
the ba»l»idth to the Mniisum vill give the best sigzad to noise ratio* 
For ration &oise« such as thenaal saltation exd shot 3E»>ise« i^oh 
has Its origin in t^ receiver, the solution in proper desi^ 
of the input circuits of the receiver to obtain the best possibhs* 
“noise figiare"^# 

t. large percentage of the mn-aade nelse generated b^ electrical 
equipsmnt is high intensity ii^ulse noise, and for that reason a 
multitude of oirooits and ^st^ms for the reduction of this type of 
noise in receivers have been developed and tested* Host of these 
system fall into one of the three following categories t 
(l) IdBiters, (2) Balanoi^ S^tem, and (s) BlajddLi:^ System* . 

fhe reaioinder of this report tdll be devoted bo noise redmisg 
systems imluded in ■&o above categories* 

^®Sorth, D,0*, “j^bsolute Sensitivity of %dio Eoceivors* 

RG& r eview, Jan* 1942 , 

ITpJii’s, H,T,, “Hoise Figures in Radio Receivers”, 

Prop* I«R*E. * July 1944 
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ft:*ovioua Work on Iteptalse Ifolae EeduotioB Sysl^isg 
a# MsdLtera 

fh» most widely used miee reducing ciroiilt ia sodentt 
ooffljRiaicatioaa ia the aia^le aeriea type pesde-iooiae audio Holte:^* 

The reaeoa for the popularity of thla limiter is uododbtedly due to 
the fact ^jat it is extreriely effeotlve in redwit^ impulse %pe 
noise at^ yet retoires very fee ciu^nenta heeause of its ala^lloity* 
She Deration of tl» series-type and other audio pealc^^ise lliaiters 
is lOEmnm and has heeh described at great lexi^h in th» litera<* 
tuare^®# for tMs reaaon, ^se disenssion of audio lisdtters will be , 
eonfimd to a mention of a derelopaant in audio UiaitersM^oh shows 
pr<^s«« In mnst of the standard audio lisiterSi, the lerel at tdiioh 
the limiting action starts Is oontroUed automatically by id» carrier 
stren^h* f him llidtisg leuel is usually ad;{usted' to oorrespond to 
a certain percentege of modulation of the inoosdi^ signal, uuunlly 
someidiere hetseen 50 aid 100^» fhe lower the lerel, the greater the 
elfeotlTeness in remmsing noise - also, the more distortion intaro- 
duoed by outing the modulation peaks of the signal* In an attest 
to remedy thie situation, it has been proposed iduat the clippij^ 
leuel be determined, mt ty tho rectified carrier, but ly a yelte^e 
obtained ly rectifying the audio output of the detector* & this 
w«y, the clipping lerel eould be made to follow closely the enjre» 


^%wo exoellent surreys of limiting systems are, 

Buohar, f*I*H*, Survey of limiting Systems for the Keduetlon 
of Boise in CoBaaonioatioa Eeoeivers**, BCi Teehnieal Beport* 
IE-876, dune 1, 1944 

loth, "Boise and Output limiters", farts 1 and II, 
Eleotronios* Bor« and Peo*, 1946 ^ 




lope of the atidio* 3?his e^rstem -ms first proposed hy Pulvari-* 
PulverEffiicher^® in 19S4, gsA mre reoentJy interest in oironits of 
this type has heen revived^®»^^* 

Before leaving pesJs>-noise aMio lijaiters, it loighfe be isell 
to point otit the basic litaitation of tMs type of noise reducii^ 
systea* As has boon previously shown, iapuls© exoitation of a 
tuned circuit produces a wave tx%in t^oso duration is inversely 
proportional to the bsuadwidth* In rjost oorsaunication receivers, 
selectivity is obtained tST using very narrow interjoadiate fre¬ 
quency ait|>lifiers, and consequently, the duration of the mise 
•mm traim in these stages will be quite long, Ihe noise pulse 
applied to the audio lisiiter will be the envelop© of the wave 
train in the output of the inteswsediate frequency stage* fhe 
nusber of ptilses per unit tisi© which the liaiter can effectively' 
hajadle will be lirdted by the dtaration of each pulse* Bxperiiaents^ 
have shown that a sqmre pulse only i adorosoconds long applied to 
the input of a ■typical comBaraicatlona receiver produces a ptilse 
200 Edoroseconds long in the output* If, for a certain carrier 
leirel, it is possible to renove one telf the signal before intell¬ 
igibility is lost, the upper liadt on the number of 2(K> microsecond 

pulses which could be removed by a liadter would be 

I 


2 . »• zoo K /©“* 


2500 pulses per seoox^* 


^%,S, Patent Ho* 2,144,995, K* Pul-vari-Pulvexmoter, Jan* 24, 19S9 
20u.S, Patent Ho. 2,345, 762, G.C. Kartinolli, April 4, 1944 
^Iffesmansdorff, G, ”ileducjing Radio Hoiso", Eleotronios Industries, 
July, 1944 

^^Idghtning and Trai©ients Research Laboratory, ”Radio Interfereno© 
Transients Investigation - I”, Appeasdix III 



3!hi« rov^ oalovOatloa checks closely td.th the eetx»l pex€oi*iaame 
et liadters* work quite eell iriiea the repetition mts of the 

noise is loev ttnt eoiaeti^here hetivsen fOOO anct 3CK90 pt;ds«s per second 
the signal is lost coB^letelyW . 

The ehove considex^tions ismediately suggest that the lii^ter 
h© placed in an ©arlior stage in the receiver* l^uador^ early pre* . 
posed a i^tMa of Miattiag in the stages of a reeeiwr* The 
liniter he used sms a onrrexit liMter similar to the type tmied in 
freq«»n (7 smdnlation receisers^ ai^ iias placed between the third 
sMsd fotarth !«?• stages of ths recoirer. The sb^es and the 
1«F» stages prsesdix^ the limiter nere smde broad so as to irednoe 
tlmi duration of the noise ■was© trains* The I*F* stage x^eh follow* 
ed the limiter ©as made ©ery eimurp to gire the required sigml 
seleetivil^ and also to reduee the as^litude of the limited noise 
pulse* Sloholser^ proposed a simllMf isystem but used as his lifter 
a lijwar detector operating as a ooBvertor* 

f 

Tlfflco'etically, the R*F* liadter shoxild be plaoed close to the 
input of the xecei^r for most effeotive results* ftraotioalty* 
however* is>t moeh success has been l»d id.th E*F* Utters sime the 
difficulty enoouRtered in oporatii^ a Iteitor of this tyi« over a 
vide range of input levels is considerable* Their ime has been oon* 
fined laxinly to low freq^noy c*w* receptiott*^^ 


2Su,s, Patent Ho* 2,087,388* T.D. landon* duly 20* 193? 
2d]ga,ohol8en* M,®*, % Boise Heduoing Oirouit** 
Eleetronioa. CH*t* 1936 







I)* Balancing Sy^tena 

Most of the earliest attesE^ts at eliminating noise were 
systems in iMch the noise in the desired channel '«as halatwed out 
the noise in an adjacent ohanml# The wsxial result of suoh 
systems -was that the noise could be balanced out to soim extent in 
the absence of a signalj^ but increased to a value greater than tdth- 
out the balancing idien a signal isas present* Carson^® showed mathe¬ 
matically that this was trm, ai^ his classic paper on the subject 
has served to discourage many investigators in their quest for a 
practical balancing system* Bis analysis, however, was made on the 
assws^jtion that the noise voltages in the desired channel aiai in 
the adjacent: channel occur at rai»ioni phase with each other* ^ho 
results, therefore, are applicable only to noise which is ptarely 
random* Since the envelope of strong li^ulse iMise in adjacent 
channels is frequently quite similar, it would seem that balanoir^ 
systems for isqiulse noise are a distinct possibility* 

Ikny balancing type cirotdts 26 jjave been designed for use in 
the auaio stages of receivers* Eesulta obtaimd are about the same 
as for peak-noise nxidio limiters* limitations of audio lindters 
discussed above apply, in general, to the audio balancir^ oiroxiits* 
In addition, the balancing circtiits ore a little wove critical to 
adjust* In some oases, however, slightly better results can bo ob¬ 
tained by careful adjustment, but this usually necessitates an 
additional operating control* 

2BCarson, "The Reduction of Atmospherio Disturbances", 

Prop. I.R.E. , July, 1928 
2%uoher, op* oit* and Toth, loc, oit* 
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% system for use i& tfao eatenoa JU^tzir oiretdts 

of tl» recalToz' ms first proposed Isy Cojarad^* Hals deriee re» 
Quired the me of tso ssteaaiss^ oas higher than the other* Baoh 
sateana ms ooaaeeted to dae side of the primry of the ooz^liag 
coil of the reoelmr * ^ grouM ms ooxoaeoted to the j^tem 
zaeaas of sd^mtable taps at the sdddle of the prissa^^* ^he hasie 
idea is that aolse of looal origia vouM he pieked ap e^ital]^ 
mH Vim two aateaaas ard oould he halamed out ia the primry 
of the ooi^lii:^ ooil* desired slgaaX* hommr* muld he mieh 
stroager ia the higher thaa ia the loser aafceaaa aad« thereforej^ 
muld mt be halaaeed out* Maay mdifieatioas of this scheme have 
heea used iaelMii^ direotioaal aateaaas« speoial aoise pielc up 
vrires* aad other halamiag metl^s* he «^tem is especially 
usefxA shea the souroe of Hm mise is kmna* 
o* Blaiddag Systems ’ 

la aoise reducing intern of this eategory* the ^ia sV 
some point ia the receiTer is mduoed to sero for the duration of 
the noise pulse* 4 eoatrol elemsat vihieh is respoasive to mise 
pulse only is used to actuate the gala redueiag means* 

4a early proposal^^ for a blanking soheme used a blooked 
oscillator to generate the blaaklag pulse* <4 mise pulse at the 
iapzzt of the reoeiver of large emu^ as^Utude muld trigger the 
oscillator aad produee a single pulse vrhioh muld out off a push 

27u,S, Patent Bd. 1,S13, EE3 P. Conrad, Get. 28* 1984 
28Briti8h ^teat Bo* 446*6S4* Ideal Werke 4ktieagesellsohaft fur 
Brahtlose lelepluzaie^ May 4* 193S 
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pwll audio aiEtplifler# ^ long blsuBkii^ pulse is reqtiired in this 
ease because of the long duration of the noise pulse by the tiae 
it gets to the awiio stage* 

Burrill^® acoo^lishes the blanking in the first stage of the 
reoeirer* Ife uses ttso uniltigrid tubes in push pull as the inptit 
stage asjd outs them off by applying a blahkii^ pulse to the tubes 
in parallel, fhe blankii^ pilse is generated h? ^ g®s triode -shioh 
is triggered by the noise pulse, The noise pulse In this ease is 
obtained directly from the noise source by means of a pickup lii», 
Blaaking in the first stage ^ans, of course, that-the blankiag 
pulse need only be a fraction as long as it wuld hare to be if it 
ttere used to blank in the I*^* or audio stages# push pull 
parallel arrangeBsnt prsrents any noise from being introdimed into 
tli« stage by the sisiden application of the blankii^ pulse# 
sudden charge in plate current in each tiiie is balanoed out in 
the push pull output coil^®* 

In the ideal blahScing system, the blanking ptilse should be 
applied ^ust prior to the arriml of the mise pulse# Ihe length 
of the blanking pulse should be jtust long enough to oorer the mise 
pulse# Kooh®^ acooEpliahes this timing by irwerting a time delay 
network in tlm dosired signal ctannel to delay the noise pulse the 
required amount* 

29U,S, Patent Ho# 2,151,740 C.M# Burrill, Ifear. 28, 1939 

SOSee Section HI, Part 6 for detailed description of a switching 

--Stage# 

31b#S# Patent Ho* 2,151,773 W,E, Eooh, Mar. 28, 1939 



A blankii^ syatem which has received wide ptflslloity is the 
noise silencer developed hy This system utilizes a separate 

noise an^lifier and noise rectifier to produce a negative hlanking 
pulse for one grid of a multigrid ti&o used in place of the last 
aeplifier in the receiver. If carefully adjusted, this circuit can 
give results comparable with that of the series type peak-^oise 
limiter. Ilw increased con^tlexity of this circuit over the series 
limiter, however, does not seem to warrant its use. 

An improved version of the Lacib type silencer is the modified 
blanking or counter modulation system proposed by Wasmansdorff 
A push pull parallel signal amplifier stage as previously described 
is used as the last I.P. ai! 5 )llfier. A push pull noise amplifier 
is tuned to one side of the I.P. frequency to reduce the signal 
component in the noise channel. The audio noise modulation enve¬ 
lop© is obtained by rectification and applied to ths gain controll¬ 
ing grids of the signal amplifier out of phase with the noise modu¬ 
lation component being amplified by tho stage. On the positive mise 
peaks the gain of the stage will be decreased; on the mgative 
peaks tho gain will increase, ^he result will bo a blanking effect 
on the positive noise peaks and a reduction in the downward modu¬ 
lation of the signal by the negative noise pooka. It is this down¬ 
ward modulation of tho signal by the negative noise peaks which 
malces the leoib system less effective. 

Patent Ho. 2,101,549 J.J. Lamb, Doc. 7, 1937 
See also Electronics. March, 1956, page 8, and Sussel, W., 

’’Hoise Rejection Circuits”, Eleoferonioe. May, 1939 
•''Fiiasmanadorff, loo, cit. 



III. ESfeMPIE OF A BUMWa SYSIEli 
of Blanking System 

A. fundsassental approach to the is^>ulse noise reduction problem 
ia to reject the iu>ise before it oan shook excite the first tuned 
olroult of the reoeiver. An exeinple^ of a hl auM ng system using 
this approeoh is shemn in figure 1. ^he luiit is designed for in¬ 
sertion between the antenm and the input terMnals of the receiver 
and performs two important functions* ^'irst, it shartena asy in¬ 
terference pulse to a short ptiXse of finite length. Second.^ it 
shuts of f the input of the receiver for tt® duration of tte short¬ 
ened interference pulse, figure 10(o) illustrates the blanking 
action, ^ho effect is that of chopping a hole in the sigml carrier 
Ihe advantage of such a lystem is that the portion of the sigml 
lost due to blanking is only a fraction of vdiat would be lost if 
the noise were rejected later on in the receiver after shook ex¬ 
citation has greatly increased the duration of the original noise 
pulse. 

Briefly, the ftmotion of the various stages shown in the block 
diagram of figure 1 is as follows. The pulse shortening stage 

^^he blanking system desoribed in this sect ion was developed bjir 
the lightning and Transients Besearoh Institute of Minneapolis, 
Minnesota under OMR contract H6 ori-230 Task Order One for tte 
Bureau of Aeronautios, Much of the material for this section, 
including figmres 2 and 10(c), was taken from reference S in the 
bibliography which outlines the basic prinoiples aivi describes 
the early development nmdels of the system, ^.h© rest of the ma¬ 
terial was obtained by the author during his irork in the inter¬ 
ference laboratory of the Lightning and Traimients Heaearoh Inr- 
stitute on an idea by M, Hewman for the iu^roveKmab of the basic 
system* 



ahortatts the intarferonoa to a pulse of finite length* fhe aigml 
olmnael (actually the signal plus noise ohanml) aj^lifies aM 
delaya the shortened interference pulse and sigml carrier* flM 
pulse (or noise) channel an^lifies the shortened noise pulse and 
signal, separates the pulse from the signal, and uses it to actuate 
a hlaiMng pulse gejterator* The switching stage is an amplifier 
Tshioh is out off ly the hlanteir^ pulse just prior to the arriml 
of the noise pulse* The blanking pulse is smde loi^ enough to 
keep the switching stage out off for the duration of the inter¬ 
ference pulse* Hence, the interference pulse does not reach the 
input of the receiver airf, no shook excitation occurs* 

2m false Shortening 

One of tl^ most in^rtant and interestijs® features of the 
hlau&ing system helfig described is the pulse shortening stage* 

^he purpose of this stage Is to shorten ary long duration pulse 
to a short pulse of definite duration* ^he adTanbage of this is 
twofold* First, the blai&ing pulse can be made to have a definite 
length, thus sin^Jllfying the design of the pulse generator* Second, 
long duration pulses cannot blaidc out tl^ receiver for any appre¬ 
ciable length of time, vhioh would be the case if the blordcing pulse 
wore made to match the length of the interfereiKse pulse* 

Pulse shortening is aoooaplished by means of two short oir-‘ 
cuited transmission lims, one in the grid oirouit and the other in 
thB plate circuit of the pulse shortening stage (see 1st 6&C7 in 
Figure 6 for circuit diagrem). For illustration, assume that a 
long duration rectangular pulse is applied to tbs first transmission 



Xim* ^h© -Bave front travels domi the line to the slwrt eirouit 
Tjhere It is reflected oijt of phase and cancels all hnt the initial 
portion of the pttlse« She Toltage on the grid will he a shortened 
pulse whose duration is 2 ^where 1 s lei^th of llE® and t s re- 
looity in lino* If tlwre is wiy loss in the line or if the noise 
pulse is not rectangular, the cancellation indicated above will not 
be complete, aid to remove aiy residtal the pulse must be applied 
to a second short circuited line* figure 2 shows the pulse shorten¬ 
ing action on a sawtooth shaped interference pulse* ^'igin’e S shows 
oscillograms of the actual operation of a pulse shortening stage* 

She interference pulse in this case is a differentiated sqimxw tmve* 
She repetition rate of the pulse generator was 10 kos* in (a) and 
27*6 kcs* in (b) and (o)* She only reason for the increase was to 
get both positive and negative kicks on a faster sweep* Aotmlly 
the shape of the ahorter»d pulses was tmohanged# She high ii^danoe 
high delay cables®® used were each ^4 long at 1*5 megacycles* 

%ing the above technique, it is possible to shorten a loi^ 
deration pulse to a short pulse whose length is controlled by the 
length of short circuit line used* In selecting the length of line, 
however, the signal repponse mast also be considered, inasmuch as 
the pulse shortening stage must pass the desired signal frequencies 
as well as the slu>rtened pulse* ^or the signal frequency at wMoh 
a cable is a ^4 long, the reflected signal will add to the initial 
signal to give twice the sigml response* For two cables of the 

-65U spiral core coaxial cable* Characteristic impedance, 

1000 ohmsi Delay 0*042 ndcroseconds per foot* 
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sam length, the reaponoe will he fota* tlnsea tlmt of the original 

signal. The equation of tte response of the pulse shortenii^ 

cables ia Si. s ^ fi/n^ , i^ere e- is the outpxife 

ft ^ ^ Z 9 

iroltage, e, is the input voltage, ^ r frequency at which oable Bo. 

1 is 7*/^ long, fgs frequettoy at whioh cable Hb. 2 is ?/4 long, 
and f s frequency for which the response is being ooasq>uted» Figta?e 

2 is plotted for S^S/y?cs.^ /^/77f:s. ^ gives a 

response of 3*6 for the 8 laoa. signal carrier* ^he interference 
pulse has in the meantime been shortes^d to a total lex^h of 0*1 
idorosecond* 

In order to prevent sailtiple reflections in the shorted lines, 
it is necessary to mateh the lines at their sending ends* It is 
also desirable to use a matched antenna systeia to further prevent 
unwanted reflections* -^ny extraneous pulses produced by mismatch 
in the antenm or in the shortening lines will be blanked out in the 
switching stage, but this represents an unnecessary loss in signal 
intelligenoe* 

3* Sigml Channel 

^he primary function of the signal channel is to delay the 
shortened interference pulse ;|u3t enough to allow the blanking 
pulse to out off the switching stage* It must, of ootnrse, also 
pass the desired signal frequencies, fhe delay required is deter* 
mined by the relative number of amplifier stages in tlw two channels 
and by the speed with which the pulse generator operates* A delay 
of from 0*5 to 0*75 mioroseoonds is usually suffioient. Sitiwr 



ooastant delay lines or high delay coaxial lines can he used 
to give the necessary delay « providing they have the frequency jposponse 
to pass both the signal and shortened pulse srithout undue attenuation 
or delay distortion* 

frequency response of the entire signal channel mist he 
sufficient to pass all signals in the frequency range of the receiver 
and also to pass enough of the higher Fourier harmonios of the 
shortened pulse to preserve its shape* This <mild:-for a video type 
tUB^lifier since it is desirable that any type of tuned circuit he 
avoided in ths signal channel as a precaution against shack exol* 
tation in the hlsttdd,!:^ unit itself* For eaKuople^ a unit to cover 
the hroadoost hand, 0«5-l«S skjs^ vdth pulse shortening lines tuned 
to 1 BKSS*, ivould require a frequency response of from 0*5 to 1*6 mcs*, 
to pass sigxials and e response up to 1 mcs* to pass the 1 mioroseoond 
shortened pulse* ^ video amplifier mhioh -nas flat to 1*5 sms*, 
vrould then have adequate response to pass both sigml ard pulse* 

Ihe lovr frequency response is not too is^ortast as the pulses are of 
short duration* ^he aiiq>litude of the pulses vould he reduced some- 
vrhat, hut this is desirable in the signal channel* For a unit to 
cover from 1 to 10 mcs*, the requires^nts are more exacting* Xf ti» 
shortening lines vrere at 6 2/S mos., the pulse length -nocild 
he 0*15 microseconds, and the required hand pass for the pulse would 
he 6 or 7 mos* Xhe video amplifier would have to go i:q» to 10 mos* 
to pass t}» signals, and this vrould be more than adeqtmte for the 
pulse. 



only reason for Imving any amplification in the signal channel 
is that there is a loss in the delay line and sometimes in Idte switch* 
ing stage, and it is desirable to beep the overall gain of ths blaj^ 
ins system above tmity* ^'his is n©t essoatial, however, as most 
modem ooEmanaicatlon receivers Mvo more than adequate gain to mis^ 
up for ary small loss in the blanking unit* 

In short, the requirements for the signal channel are Cl) 
adequate delay, (s) sufficiently good frequency response to ^as 
all signals covered by the receiver and to pass the shortened pulse 
teithout increasing its duration, and (s) enou^ aniplifioatioa to give 
the everall blankii^ mit a gain of unity or better* 

Pulse Channel 

She two futtotion* of the pulse ohannel are to (l) separate 
the pulse from the signal carriers and (2) use the pulse to trigger 
or aotmte a blankii^ pulse generator* 

Removal of the signal carrier from the pulse charnel is doi» 
by means of a discrimimtor stage* Ihe discriminator can be made 
to operate on either the aaplittsie or rate of rise of the inter¬ 
ference pulse* lha siaploat discriminator is a clipping type 
a^lifier biased so it will be unaffected ty axy signal carrier, 
but will pass any pulse of greater an^litude than the strongest 
signal carrier prosenfe* %o pulso ^ioh is passed is then used 
to actuate the pulse generator* ^he disadvantage of this is that 
only very strox^ noise pulses will be blenhed out if there happens 
to be a strong carrier present within the pass band of the blsnk- 
ir^ system* 
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Mother diecrlsaimtor which shoym prtnniso ia one t^loh ia 
actuated hy tha rate of rlae instead of the aiaplitt:^e of the 
interference pulse^ ^he undesirahlo effects of ehool: exoltatioa 
in a ttmed circuit have already been pointed out* In fact, tl» 
piarpose of tho blanking acheiae ia to reduce shook excitation of 
the reoeirer to the adniiawta* In the discriminator* hoisever, we 
are interosted in rejecting the sigml and obtaining only the 
mise pulse* An ingenious way of doing this is to deliberately 
shook excite a tuned circuit with tl» noise pulse* % jarevent 
signal frequencies near the resonant frequency of the tmaed cir¬ 
cuit from being ae^lified* a short circuited transmission line 
tdiloh is som^ multiple of ^ wave lej^th at tl» resonant frequency 
of the timod oirotiit is placed across the pulse channel ahead 
of the tuned circuit* Ihis line will act as a short circuit to 
signals of the saiae frequency as the reeomnt tnined cirotiit, btd; 
will allow the pulse to pass on to shook excite the tuned circuit* 
fhe wave train produced in the tia»d circuit will then be a fumtion 
of the noise pulse alone* If a high Q tuned circuit is s»ed* the 
duration of the wave train will be long* Ihe transmission lit^ 
used to suppress signal frequenoies* however, atifeomatioally per- 
foriDS the job of shortening the wave train* ^ noise pulse is^ressed 
on tlie open end of the line will travel down the line* be reflected 
negatively at the short olrouit* and arrive at the open ered b seconds 
later where ^s: • Since the line is some multiple* 

n, of , the original noise pulse will be f ollowed by its negative 
in exactly the time equal to ^ times the period of the tuned olrouit* 
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Beace, after /? cycles of osolllation, the tuaed circuit will b© 
shock excited again in the opposite phase, aid a cancellation of 
the original wave will result# This caaoelletioa will he quite 
coi!i>l 0 te if the decay of the dajaped mTC is small in /j cycles# 
lo further imprcfre the effeotiTreuess of this type discriia- 
ijmtor, adTantage is also taken of the definite length of the 
shortened interference piilse* %0 circuit to he ohook excited 
is “tuned® to the shortened pulse#^® Figure S(o) is i^ioal of 
the shortened pulses which will he impressed upon tho disorird- 
aator# If the total length of these pulses is equal to the period 
of the ttjaed oirouit, the oscillations set ^ ths three -TOrtical 
parts of the pulse will he in phase and will add up to give a maxi- 
mum amplitMe of oscillation, i^ioh is 4 times that due to a sii^le 
impulse. Appendix II is a umthematical analysis of the actual 
oirouit used in iiife discriminator* As can he seen from figure 14, 
the tpnod oirouit is placed in the plat© circuit of a vacuum t\dj« 
aa^lifier, and the signal attenuating lim is shtmted across tl® 
grid circuit of the tube# Again it is necessary to prop^ly match 
the sendii^ end of tl® trensiaission lim to mlnlDii*© unwanted re¬ 
flections* Figure IG in tl® appendix is a plot of the shook ex¬ 
cited wawe in the tuned circuit for /7- ^ • Figure 2(h) is an 

oscillogram of the wave ta:ain in the tuned oirouit -vdien the puleee 

idea of using a discriminator tuned to the shortened inter¬ 
ference pulse is considered the most important featiaro of a blank?* 
ing system of the type being described* Credit for the idea is due 
to M* Howman of fhe tightning and Transients hesearoh Institute* 
Patent applications for a system using this feature are being pre¬ 
pared, ^ 
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ahofia ia the oscillogram of figure 9(a) are applied to the grid 
oirouit* She shortened pulses in (a) are 8oiimid»t distorted in 
this picture, hut the negative reflection of ttie pulse can he clear¬ 
ly seen* 

' Wb now have a device which respouda best to pulses of a , 
definite length a33d ^ioh is insensitive to sinusoidal signals. 

It is oniy necessary to recover the envelope of the wave in the 
plate circuit of the shook excited ainplifier, Ihis Is done praoti— 
oally hy means of a rectifier circuit using oiystals, ’Shs result 
is a pulse abotzt /7 times as long as the shortened interference pulse* 
Ihis pulse can be used to aotviate the blanking pulse generator or 
can be ax^lified and used Itself as the blanking pulse* 

The requireitmnts of the pulse generator are that it must be 
aotimted by the noise pulse output of the discriminator and must 
produce a negative blanking pulse of somewhat longer duration than 
the shortened noise pulse and be of suffioient amplitude to complete¬ 
ly out off the switching stage* Usually, a 20 or SO volt blanking 
pulse is more than adequate for the multigrid tufbes used in the 
switching stage. Figure 9(o) is an oscillogram of a typical blank¬ 
ing pulse* 

A iypo of pulse generator which has been used successfully with 
the clipping type discriminator is a "one shot* multivibrator* Ihs 
multivibrator is triggered by the pulse output of the discriminator* 

The “tuned" discriminator described above is in effect its own 
pulse generator* Ihe rectified envelope ased only be amplified to 
give a blanking pulse of the proper amplitude* 



the gai& reqxdreoe&ts ot the pulse oTamml Kuet alee he eo&** 
siderod, ^or the clipping type disoriiaimtor end rndtivihietor 
pulse generator the rsijuireraeats are not too diffictQ.t to jaeet^ 
sii»e the mlniimiBi Qr]pllt\ 2 de of :K>ise pulse tdiioh can he detected 
aust be larger thean the strongest signal carrier present* 3^, 
for exaa^le^i the strot^st signal carrier present is S millivolts and 
the maltivihratca' is adjusted to he triggered hy a 5 wit pulse^ ths 
as^XifioatioB x^cessary vdll be 1000, With the tuned disdrisdnattar 
it is possible to detect x^ises mil beloar the level of the stxongr* 
est signal carrier. If* for exas^le* the disorlMnator operates 
satisfactorily on 20 adcrovclt i»ise pulses and a 2Q volt blankii^ 
pulse is required* the newsssary au^plifioation will be 10®# 

S* S-eAtohiag S tage 

ernmirnemmmmmmmm mmrnmmmmmm 

fhe seitohing sta^ is jj^bably the most i^ortant |mrt of 
the blanIdLng system. Its purpose is to shut off the input of the 
receiver for the duwtion of tte shortened interference pulse and 
thus prevent shook excitation of the reoeimr, fha simplest my 
of accomplishing this would be to use a multigcid amplifier t\d>e 
in the switohiag stage* 3?h© signal and pulse from the delay lixw 
would be applied to on© grid and tl» negative blanking pulse to 
another grid, Ihe blankir^ pulse wotd.d cut off the tube and thus 
prevent the noise pulse from reaching the receiver input* Such a 
system* howsver* has the disadvantage that ths stdden drop and 
rise of plate current due to the blankii^ pulse vdll produce a 
pulse of voltage across the plate load which in turn will shock 
excite the input otreuit, reme^ this* two multigrid t\d>es 



{6X»7*s) ore used -with their plates ooaaeoted in push pull to a 
balanced oufcpxrfc coil# Ihe signal aM shortened pulse we applied 
to the Ho# 1 grid of one tube, and tlie blanking pulse is applied 
to the Ho# S grids of both tubes# For sigml operation only the 
one tube operates, but tshen the blanking pulse is applied,, the 
plate currents of both tubes are reduced to swo# Since the currents 
la the outpiit coil we in opposite direction,, tte net change in flux 
In the coil id.ll be zero, and no voltage will be induced in the 
seooidary became of the blanking action# It is very JuB^ortant that 
the ovrtsput circuit of the switching stage be carefully balanced# 

Ihis requires the use of smtched tubes, syrarntrioal layout of com- 
ponents to prevent unbalance due to stray capacitances, and a Faraday 
shield between primary and secondary to minimize electrostatic 
coupling# Figwe l0(o) is an oscillogram showing blanking action 
with good balancing* coupling coil in this case was self 
resonasrf; in the broadcast band# ^igwre 10(a) shows shook e3scitation 
of a receiver input without blanking. Figure 10(b) is the same, but 
with blanking# In this case, the balancing is mt perfect, probably 
because of the fact that coupling coil was self z^somnt at about 
10 mcs., and stray capacities contributed more to laibalanco at these 
frequencies# . fhe same circuit isas used in the two switching stages# 
Ihe above illustration is given to emphasize the importome 
of balancing in the switching stages# With proper balancing, the 
shook excitation at the input of the receiver can be practically 
elimimted. fhere is, however, a small amount of iK>ise introdi»ed 



.by remving ]^t of the slgaal carrier. It has been shoim®'^ that 
tte a»»xmt of iKslse due to rcBKJTal of on© cycle of E,P, from th© 
signal cerrier is equal to l/Q times the signal amplitude^ where 
Q is the Q of the resonant circuit upon which the signal carrier 
is Impressed. Sii^ce the Q of tur^d circuits in communication 
receivers is usually very high, the noise from this source is al-* 
most negligible providing the number of cycles blanked out is 
Itept small. This means that the blanking pulse length should not 
be made aigr longer than is necessary to blank out the shortened 
interference pulse. 

6m Perfowaanoe of Blanking Systems and Com^lson with Audio 

Miaiter. 

Several laboratory models of the blanking system using the 
clipplxi® type disoriminator and multivibrator l»ve been eon- 
struoted ard tested^^. One model was btillt to cover the broadcast 
band and proved to be very effective in demonstrating the principles 
of the blanking schems. Ihis particular model had a rather long 
blanking pulse (20 mioroseoonds) but still was able to effectively 
reject up to 10,000 interference pulses per second* Intelligibillf^ 
tests showed an improvemnt of 40 db« over operation wlt}K>ut the 
blankiiag system. 

Operation of the above blanking unit disclosed two limitations 
of the clipping type discriminator — multivibrator pulse generator 

■ P - A’ ' i 

ooxdjination. First, the modulation peaks of strox^ local broadcast 

^^Ldghtning aid Transient Research ^boratory, "Radio Interfereme 
Rejection at Antenna-I", P. 17 
S Sibid. . pp. 10-20 



Btatiotts get through the disorislnator and trigger the jauiti- 
vihrator unless the disoriiaimtor is ^^usted to a very high 
elipping level* Vihen tuned to a ueolc station this mans tlmt 
the noise peaks could be considerably larger than t}» signal 
and yet not be blanked out if they were equal to or less than the 
aiDplitude of the aiodulation peaks of the ttrongest signal in the 
pass band of the device* Of course* tbs system worla very trail 
on ostremely lovKi noise pulsesi i.e#* there is no upper limit to 
the as^litude of mise pulses tdiich can be rejected* 

fhe second limitation concerns the operation of the multi¬ 
vibrator* -^s has been mntioned above* the blanking pulse ms 
20 microseconds long* ^^he shortened noise pulse* however* ms only 
1 microsecond long* and* conseqmsfcly* the amotait of signal lost 
due to blanking ms mxny times wlmt it should have been* Shorten- 
ing the blanking pulse will undoiibtedly inorease the rate at which 
noise pulses can be rejected* providing the switching stage can be 
balanced at the higher rates made possible by tte use of shorten 
pulses* Development work being carried on at present Indicates 
that the upper limit of operation of the clipper-multivibrator 
system may easily be extended to 30*000 pulses per second and 
probably much higimir* 

^n emmple of a blanking unit using ths tuned discriminator- 
pulse generator principle is shown in figure 4* figure 6 is a 
block diagram and figure 3 is the schematic diagram* fhls unit 
ms constructed by the author as part of the develoj^nt program®® 

^^Itemlopmsnt of the blajilng system is being continued tu^er OHR 
contract H6 ori-250 fask Ch'der Iwo for the Bureau of Aeronautics* 




so 


to ii^rove the operatioa of the original blanJdng schoae, 

Heferring to the block diagram of figure S and the schematic 
of figiire 6* tlw pulse shortening stage, video as^jliflers, cathode 
follosrer, delay line and sidtchii^ stage ate almost identical to 
tl:^ cirouits used in the denwMtration smdel of tlw blanking system 
described above^» The entire pulse chanrusl, however, has been re¬ 
placed by the new disoriminator and pulse generator# In tbe new 
pulse channel, one half of the 6Sli7 is used as a cathode follower, 
the other half as the tuned discriminator* 6SK7 is an amplifier 
which is tuned to the frequency of the oscillations in the plate cir¬ 
cuit of the 6SL7, The lS21B*s are used to rectify the wave train 
to obtain the envelope* The 6AC7 is a video amplifier which 
as^lifios the pulse output of the rectifiers to give about a 20 volt 
negative blanking pulse* 

The sigi»l pass band of the unit was designed to be from 1 
to 10 mos* Originally, the pulse shortening lines were to be 
at 6*7 mc8», and the ttxned cirouits in the pulse ohannel were also 
to be tuned to 6*7 mos* It was found, however, that indien the cables 
were cut to give maximum signal response at 6*7 mos«, the length of 
the shortened pulse produced was considerably longer than the length 
of line would ir^ioate* In other words, the velocity of propagation 
in the cable for the sine wave sigml was different; than that for 
the pxdse* This oan be explained in terms of the delay distortion 

^idghtni^ and Transient Hesearoh Laboratory, *^SadiQ interforeMo 
Kejeotion at Antenna-1**, pp* 12-14 
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ia the lla«* For spiral wjuad delay liaes^^ of tl»! type as©d, the 


effeotivo iaduotanoe of the liae deoreases alth fi*equ 0 Boy, aM slaoe 


T^VZc 


, the delay also deoreases with freqaeiKty^^, If 


coasider a pulse as a Fotspier series of siae wa-ro compoaeats, we caa 
readily see how the different oon^soaeats will travel with different 
▼elooities in the pvtlse shortening cable and arrive at the open ©ad 
of the cable at slightly different tliaes* Ihe result of these slight 
phase differences will bo that the cos^oneats will add up to give 
a pulse which has been effectively broadened* The «irfceat of this 
distortion is illustrated by the perforaenoe of the lines used in 
the blanking unit being described* The naxissm response of tl» line 
to sigml was at about 9 aos*» tdtereas it was moessary to tune the 
discristimtor tuned circuit to 5*8 mos* to get mscximxm response from 
the shortened pulses* ^his effect was iwt noticeable in previous 
models designed for operation at broadcast frequencies* la extend- 
the range to higher frequencies it will probably be neoessaxy 
to use speoial equalised delay linesdS^ 

The frequency response of the pulse shortening stages and the 
video aicplifiers (including the 6&C7 Ga<di<^e follower) is shoim) 
in figure 7* Although the two pulse shortening lims were the aeme 
length, they resonated at slightly different frequencies as ts shown 


aljhQ only reason for using hig^^ liass in the pulse shortoning 

lines is to exit down the plysioal length of the lines* 

^^Kallman. H,E,, ‘‘Equalised Delay Lines", Froo* I*B.E., Sept*1946 p*848 
^Ibid*. pp. 646-657 - -- 
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the two pealoB in the otarra. Ihia is prohahity due to the 
different total shunt capacities across the lines in the grid ai^ 
plate oirouits* 3?he other cianre in figure 7 is the overall sigi»l 
response of the unit. The very sharp peELh just above 10 saos* is 
at the resonant frequency of the prinary of the output coil in the 
switching stage. The high resonant frequency and high Q of this 
coil probably aooount for some of the diffioulties in balancing 
"sdiich were encountered (see figure lOb). A more judicious choice 
would have been to make the coil of mjoh lower Q aiai have it 
resonate broadly at about 7 or 8 mos* 

Overall operation of the unit can best be illustrated by running 
through some oscillograms taken at different points* Pigtare 8(a) 
shows the 40 micr.oseooi^ noise pulse applied to the antenna* Figure 
8(b) shows the shortej»d pulse on the first line, and figtare 8(e) on 
the seeoz^ line* The total length of the pulse in figure 8(o) is 
about 0*175 microseoo]:^* bhen observed with a faster sweep speed, 
these pulses do not look as pretly as the pulses in figures S(b) 
exd (e). This is probably because of the delay distortion mentioned 
above* ^igvtra 9(a) shows the aa^lified shortened pulse and its 
negative reflection i^bich is applied to the grid of the 8SL7 tuned 
discriminator* The distortion of those pulses is partly due to the 
delay distortion in the lines and also partly due to overdriving the 
last video amplifier* Figure 9(b) shows the waveform bn the plate 
of the 6SL7, and figure 9(o) shows the 20 volt blacking pulse at the 
plate of the 6A87 video pxilse as^lif ier which was obtained by 



aE^lif^ing and rectifyijog the iffinrefora of figure SCt), ^‘igure XQ(a) 
shows the shock eacoitation at the receiver input caused by the 
or®riified shorteiKd pulse of figure 8(c) with no blanking. The **re- 
celver” in this case was actually a Ferris Ifodel 32A. Hoise ajai Field 
Strength %tor and was tuned to 1 Bjegaoycle* Figinre l0(b) is the 
Basse with bbankii:^* ^he balanoing in the switching stage is not 
perfect in this case. The output of tM mise ^ter, however, 
dropped 20 db# -^n ths blanking cut in, indicating a considerable 
reduction in shook ejKitation. Listening tests iadioate that the 
SEBJUst of noise indicated the imperfect balonoe in figure I0(b) 
is inataiible above the internal receiver jwise,. Tl» above testa were 
made using a x»ise pulse 40 microseconds long at a repetition rat© 
of 10 kos. This seened to be about the upper limit for suooeasful 
blanking with the tmit being tested. This fact is attributed to the 
poor balance characteristics of the particular switching stage used 
and not to aiy inherent defect in the basic system. For earaos^le, 
the waveform of figure 9(b) ims taken at a repetition rate of 100 kos. 
Changing pulse repetition rate, pulse length or shape do not have 
az)y appreciable effect on the shape of this waveform. This means 
that the upper limit on the nusber of noise pulses which can be 
rejected will probably depend on how well tl» switching stage can 
be balanced for the higher blanking rates. 

One limitation of the blanking systems described in this 
section which must be considered is the poasibili'ty of cross modu¬ 
lation oocurring in the sigml ohanml. Since the only seleotivi^ 
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in the system is the broad signal response of the pulse shortening 
liz^s« it is highly probable that cross modulation troubles -Bill be 
'enoomjtered vhen strong local signals lie within the pass.band of 
the system* In order fes avoid this trotfiilo it assy be neoessaiy to 
reduce the nuuijer of signal aajklifter stages to the bare minimu% 
and design the remining stages to give th® minimum amount of third 
order distortion* She solution m.y be to use variable M ti&es 
or highly degenerative eirouits such as the groraoded grid aa^lif ier 
in the signal stages* 

In ooB 5 >aring the operation of the blanking system id th a 
standard series type audio limiter^, the most marked difference 
is noted at the higher noise reocom*renoe rates* M iVequeaeies 
below 10(M5 pulses per secoM the series noise limiter does a very 
creditable Job* As the frequency increases, however, the audio 
limiter becomes less and less effective until sosmwhere between 
20(X) ajad 3000 p*p*s*, dependi*^ upon the oharaoter.of the jwise 
pulses, intelligibility is lost oo^letely* The blanking unit, 
however, continues to operate effectively up to 10,000 p.p*s* 

0e» of the BW>8t striking ways of ccmparii^ th© two systems is 
to time in a broadcast station on a receiver equipped with an nidio 
limiter and couple a pulse generator to the antenm. With the audio 
limiter on and the blanking unit off, the.repetition rate of the pulse 
generator is increased imtil the signal is unintelligible* When the 

**^8nanadct¥ liadter installed in Bavy ASB receiver* 



blRtfcing tinit is cufc in tte signal stands out o.wi the noise dis¬ 
appears as completely as if the pxjlse generator ■sere cut off. 



IV, COHCLUSIQH 


Ibise reduoiag ^jrsteias with the congilexitjr of the tmit de« 
scribed in the previous section obviotisly sdll not be used in re» 
ceivers -ndiere cost saist be seriously considered, for soase services^ 
however. Intelligible coBnaunioations over widely varying ooi^itions 
of noise interferenoe is the controlling factor, for this type of 
service, the eoE^jlexity and cost of the noise reducing system is 
unii!?E»ortant providii:^ the system gives the desired perforiasmoe, 

Aa iisportant principle in is^xalse noise reduction is that 
of reducing the effeots of shook ezoitation in the receiver by 
placing the noise reducing system as close to the input of the re¬ 
ceiver as possible. In the blanking system described in the 
previous sootlon, this principle is carried to its logical limit 
by actually placing the noise reducing device ahead of the receiver, 
thv» preventing shock ezoitation, 

Host of the impulse noise reducing systems In use todoy operate 
on the amplitude characteristic of ths noise pulse, This method 
lueses a limitation on the performance of the system in that the 
noise must he stronger than the desired signal before the noise can 
be detected, ^inee is^ulse noise is oharaoterised by steep wave 
fronts, the method of detecting the noise ly its rate of rise rather 
than by its amplltisie oharaeteristics seems fundamentally sour^. 

The "tuned* disorisdnator desoribed in the previous section is an 
ezas^le of a circuit which operates on this principle. More in¬ 
vestigations along these lines will no doubt bring to light other 
methods of aooomplishiB^ the same thing. 
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Figux*e Z. Pulse Shortening and Signal Response, 
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Figured, Pulse Shortening Oscillograms. 







(a) Top View. 



(b) Bottom View. 


Figure 4 . Blanking System Built Into Aircraft Type Chassis. 





Figured*. Block Diagram of Modified Blanking Systran 
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Figure 8. Performance of Modified Blanking System - Pulse 
Shortening. 
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(b) Input to Receiver- With Blanking and Imperfect 
Balancing. 



o too HOO 600 800 MS- 

(c) Input to Receiver- With Blanking and (lood 
Balancing, 


Figure 10.Performsince of Modified Blanking System- 
Switching Stage. 


Appendix I 


Shock Excitation of a Tuned Circuit as a Function of 
Rate of Rise of Applied Voltage. 


Let the linearly rising voltage of figure 11 be Im¬ 
pressed upon the parallel tuned circuit of figure 12. 

fZ 

T 



e(t)i 




—: 

L 


^ « 


hi 

^ H 


ejLt) 


Figure 12 

This generalized circuit could, for example, rer^resent 

the equivalent circuit of a tuned vacuum tube amplifier 

« 

operating Class A, In which case R would be the plate 
resistance of the tube and e(t) , whe re e^it) is 

the voltage applied to the grid of the tube. Figure 13 
is the equivalent single node circuit of figure 12. 

where G= 

and Ut)s^sS^uit) 

Figure 13 

In the analysis which follows, the notation used is 
that of Gardner and Barnes^^. 

The Integrodlfferential equation of figure 13 is 

i(t)= 



^^Gardner, M.F. and Barnes, .T.L., Transients In linear 
System s. Vol. I, 1942. 
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Taking the Laplace transformation of this equation, 

(fr * ^ i ^ Cex-; - ^ 


p V _a_ C e> (**) _ e, (*») _ 


eJ(o) 


e. Co) A, 


e.’VoJ 


Taking the Inverse Laplace transformation. 


<^ec; 


^Jzz-CS)’- t 


If the Initial voltage, ©j(o^,on the condenser and the 
Initial current,In the Inductance ai?e small, the 
last two terms can be dropped, leaving 
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cult 


The envelope of the oscillation set up in the clr- 

The maximum amplitude of oscillation fpr any given 


circuit will be proportional to the rate of rlse,Cl , of 
the applied voltage. 

The duration of the wave train produced will be 


proportional to the Q of the circuit since Q Is pro¬ 
portional to ^ . 



Appendix II 

Analysis of Tuned Pulse Amplifier 
Figure 14 Is the actual circuit to be analysed. 



The equation of the Input pulse is 

Assuming that the reactance of the Input £ind output 
coupling condensers Is negligible, and that the tube 
Is operated over the linear part of Its characteristic 


the equivalent circuit of figure 15 can be used. 



Figure 15. 

The series resistance of the Inductance Is repre¬ 
sented by the equivalent parallel conductance, . 
Strictly speaking, this equivalence Is Incorrect, but 
for colls with O.'s of 10 or better, the error Involved 
Is small enou^ to Justify the substitution. 

Because of the negative reflection on the shorted 
transmission line', the signal applied to the grid, 
will consist of the Input pulse, e*(t),and the negative 
of the Input pulse, occurring b seconds later. 
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Figure 16 Is a plot of C^CO^the signal applied to 
the grid of the tube. 

«.«i n n . where /= length o 


b*a« 

Figure 16. 


b* 2 * 7 — where /= length of 
^ line 

\^s velocity 
In line 


The equation of the voltage applied to the grid Is 
rhe equivalent single node circuit is shown In figure 17. 



L* 


Figure 17. 


where i (t) = — ^aCt) 

'V 

Or ^ Of-tGf, 


In the solution by Laplace transformation which 

A O 

follows, the notation Is that of Gardner and Same8^*= 

The Integrodlfferentlal equation of figure 17 Is 

e,c^ 

Taking the Laplace transformation of this equation. 


E,(*) G*C* E.(4- 

M f~ -aa« -^<04 “^*+*^41 

*V-J- - ^ 

"7 -# . 

€ / . ^ . V 


^^Gardner and Barnes, op. clt. 
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If the Initial current in L and the Initial charge 

on C is small, the terms containing C^) and C^Co)can 

L 

be dropped, leaving 

r -M -*« 

//_£« ___ ® 


J 


(q^ c^i-2k) 


+€ -6 -*-26 -€ J 




(fV 


-^-4 + -i-) 
C ^ ^ LC/ 


Taking the Inverse of the Laplace transformation, 

L6t (£= -^ and /3 =y LC~(^f, 


-«.t 




*t2€ 



If ax — * where 7* x %^ai period of tuned cir- 
Z fi* 

cult, the first three terms will add up to reenforce 
the shock excited wave. 

If 6x >l*2cts nT* I a cancellation of the wave will 
result due to the last three terms. Figure 18 shows 
the resulting wave whenax-j- and bzztfj' , 

Complete cancellation can take place only when 
C£xO , ^’igure 18 Is plotted using this assumption. 
Actually there will be a residual at b+2La because of 
the decrement of the circuit. 



Appendix III 


Cathode Ray Oscillograph used In making Oscillograms 

The oscillograms In this report wer-e taken on a cath¬ 
ode ray oscillograph designed and built by the Lightning 
and Transient Research Laboratory of Minneapolis, Minn. 
The cathode ray tube Is a Dumont 5RP11 and uses a rost- 
deflectlon accelerating potential of 20 kv. This method 
of acceleration gives useful writing speeds for photo¬ 
graphic work up to 5000 km/sec. Sweep speed is adjust¬ 
able from 0.1 second to 0.2 mlcroseconi. Either an ex¬ 
ternal or Internal signal from vertical deflection chan¬ 
nel can be used to trigger the sweep. The vertical de¬ 
flection channel Is equirped with a video amplifier which 
Is flat up to 10 megacycles. The recording camera has an 
F:1.5 lens and an electrically operated shutter. The 
film advances automatically when the shutter is closed. 
Illuminated frame Identification numbers of an electro¬ 
mechanical counter are projected onto the cathode ray 
tube screen and are photographs 1 simultaneously with the 
trace being recorded. Figure 1^ is a photograph of the 
oscillograph. The camera and viewing hood are mounted 
so that the screen may be Photographed and observed vis¬ 
ually at the same time. 



Figure 1?. Oscillograph used for photographing wave forms. 


